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Geothermal energy

WATER HEAT PERMEABLE ROCK
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Enhanced geothermal can unlock 500 GWe from Earth’s crust

WATER HEAT PERMEABLE ROCK

Need to drill 3-10 km deep underground
Need to make the rock permeable
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Drilling Is expensive

" Extensive knowledge from oll
and gas industry

=" Foro Energy: World’s first
hybrid laser-mechanical drill
assembly technology

Drilling operations cost tens
of millions of dollars
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Precision ogpling
bearing region
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The economic benefit —a 25 MW plant

Exploration + Drilling Costs

Power Plant Construction Costs
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What if we don’t have to drill?

Geothermal Resource of the United States
Locations of Identified Hydrothermal Sites and
Favorability of Deep Enhanced Geothermal Systems (EGS)
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undiscovered
hydrothermal
resources.

* Source data for

deep EGS

" includes tempera-

ture at depth from 3 to
‘ 10 km provided by

Southern Methodist

g University Geothermal
Y Laboratory (Blackwell & Richards,
2009) and analyses (for regions with

temperatures =150°C) performed by
‘ B \REL (2009).
T

* Source data for identified hydrothermal
sites from USGS Assessment of
Moderate- and High-Temperature
Geothermal Resources of the United

less than 150°C at 10 km depth
and were not assessed for
deep EGS potential.
* *“Temperature at depth
data for deep EGS in
Alaska and Hawaii not
available.

Favorability of Deep EGS

Most Favorable
Least Favorable
[ N/A*

[ No Data** ‘?’0;. hla=l
This map was produced by the National Renewable Energy Laboratory for the US Department of Energy. : : o Su? H—
October 13, 2009 Author: Billy J. Roberts o Identified Hydrothermal Site (= 90°C) O

www.nrel.gov/gis
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What if we don’t have to drill?

Geothermal Resource of the United States

Locations of Identified Hydrothermal Sites and
Favorability of Deep Enhanced Geothermal Systems (EGS)
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includes tempera-
ture at depth from 3 to
10 km provided by
Southern Methodist
University Geothermal
Laboratory (Blackwell & Richards,
2009) and analyses (for regions with

temperatures =150°C) performed by

NREL (2009).
* Source data for identified hydrothermal

sites from USGS Assessment of
Moderate- and High-Temperature
Geothermal Resources of the United
States (2008).
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Alaska and Hawaii not
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Re-using an abandoned oilwell

= Anadarko Basin
= Many oilwells up to 5000m deep | -[
= 70,000 sg miles q

= More than 4000 wells o
= Cement casing — can it be reused?

_ . B
= May need to drill deeper to get to the
hot rock — but exploration costs are
minimized K.
= Wells can be directionally drilled — how |

do we take advantage of that? o 2

N i
\.il lj\.i ¢ e By Cstricklan (Own work) [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
JANGI AT SR sal/4.0)], via Wikimedia Commons
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Rock fracture map needed

" Need to:

= Accurately measure
where existing cracks
are

= Predetermine the
optimal fracture map

Oil wells

N

Hot Rock

— Existing Cracks
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Rock fracture map needed

= Hydro-stimulation — induce
High Pressure new fractures in the rock

Water Injected
= Ensure complete pathways
for water

Oil wells

N

Hot Rock

— New Cracks Form
| and Old Cracks
Propagate
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Rock fracture map needed

= Monitor fracture patterns
Cold Water Hot Water during operation - some

Injected Pumped Out approaches:
Oil wells

= Microseismic methods

= Electromagnetic
monitoring

Hot Rock

— Engineered
Fracture System

PN
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Advances in subsurface characterization are critical

Microseismic methods Magnetotelluric methods

" Industry standard " Research stage

" Measure microseismic events due to = Measure fluid flow patterns to image
“rock noise” to pinpoint its location the fracture network

Fiber-optic
Wireline to
Logging Truck
for Data
Handling and
Processing

L
Hydraulic
Eracture

% Multi-Level,
*, 3 Component

F & Tool String

‘il lj‘i‘ke} https://commons.wikimedia.org/w/index.php?curid=7849149

P S Image courtesy of John Logel: https://csegrecorder.com/articles/view/integration-of-rate-transient-and-
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Challenge — Engineer an underground heat exchanger!

Straight-tube heat exchanger sf;lel_l-ds_ide
g in
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Shell Perdido Oil Platform
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Moored at ~2400m
Drilled at ~2900m below ocean

I surface
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“®Basalt in oceanic crust: Eas




Conclusion

We can reuse existing oil and gas wells for reliable,
renewable enhanced geothermal energy

Thank youl!

lakshana.huddar@hq.doe.gov
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